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It is of considerable interest to regard the mixture of organic

bodies which is presented to us by an essential oil from a physico-

chemical, as well as from the ordinary systematic point of view.

We have here a class of mixtures, easily obtainied in quantity,

whose constituents are mostly well-known, and of allied structure;

conditions v>^hich suggest a novel method of attacking the general

theory of solution, and should also give us valuable data, for judg-

ing the general composition of an oil from its physical constants

—a problem of interest, both from the commercial and from the

scientific standpoint.

As sliowing the questions which meet us here we may cite as an

instance two eucalyptus oils from the same species, which yielded

the same percentage of phellandrene [a= —69°] and contained no

other optically active substance, whose rotations were as far dis-

tinct as —2.30 and —44o respectively.

The major portion of an essential oil usually consists of one or

more terpenes. These may be considered as simple examples of

non-ionising, unassociated solvents, and it will be Avell, therefore,

to start our inquiry into essential oil equilibria by the study of

these simple substances, adding progressively more complex or more

reactive constituents, such as oxygenated derivatives, etc., and

essaying to evaluate the new solution factors as they occur.

An ideal invest ig:at ion, then, would start from the simplest

case —a mixture of tw(j terpenes —proceed through increasing com-

plexity in the number and nature of the components, and finally

reach that complicated equilibrium presented by a natural essen-

tial oil, such as that of Eucalyptus globulus.
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The following results are of a preliminary natui'e, and are

concerned with the simpler cases of sueh an inquiry.

Exveri men till.

The method followed in the measurements hei-e recorded was to

make mixtures of various concentrations from materials prepared

as freshly as possible. The density, refractive index, and rotation

of these were taken at 25° C, with such methods and precautions

as accurate physicochemical Avork suggests.

The pyknometer held about 6 c.c's., and the temperature adjust-

ment was correct to .Olo. The rotations were taken in a 100 mm.
*ube in a Schmidt and Haensch polarimeter. and the refractivia

indices in a Zeiss refractometer, and for eacli of these the diver-

gence in temperature did not exceed .1°.

The mixtures themselves were made up by successive additions of

one constituent to a definite amount of the other —a method

economical of material —and the results have shown it to be justi-

fied, for any systematic error arising from this cause would in-

crease with each addition, and such increases have not appeared.

Cnlculafion of Restdfs.

We may comment here on the methods emphiyed for calculating

the theoretical value of any physical property of a liquid mixture'.

If the property under consideration is additive, and no anomaly

is present, Ave have —

-

P ^ m,V, + urj",

(calc.) ^ yn^n,'^

where P,, P.j, are the Values of tlie pi-operty considered, fur the

individual substances, and m^ and u/.^ are the masses of these sub-

stances in the mixture. If the additive relationshiji does not hold,

however, we must modify the formula to express the effects of the

molecules, atoms oi- ions, wliich are the disturbing factor. Thus,

if the molecules are the reacting entities to be considered, we have

[Ml, M2 1)eing the molecular weights] —
m,Pi ^/..Po

P _ M7 M.,

(calc.) rn.2 m,^

Ml M,

Since many factors in liquid mixtures are influencing a par-

ticular property, it is necessary to introduce more and more terms

before we can attain concordance. But since tlie diflficultv of in-
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terpreling the equations so obtained, makes this rather a waste

of labour, it suffices at present, where properties are atomic (e.g.,

Refractivity) to use the first of these equations, while for those

where the molecular influence is introduced (e.g., Density) the

second formula, giving what is known as the Molar Fraction,

serves as some correction.

Hence, these two methods of calculation are all that have been

employed in the present research.

7'/(e System l-pinene —d-pinene.

In considering the purity of the terpenes mentioned, it must be

remembered that where suitable solid derivatives, from which a

terpene may be regenerated in quantity, are wanting, the only

means of purification is repeatedly to distil under diminished pres-

sure. The product, of course, may be parti)- racemised, or may
contain some of its optical isomers. For tliis reason the physical

properties of two optical isomers, such as d- and l-pinene, are not

numerically identical, a point which is of little significance in the

present research, since these well-fractionated terpenes are " pure"
from the practical point of view. Indeed, the l-pinene of rotation

—390 is almost free from I'acemate, while the + 25° rotation of

the d-pinene is quite as high as other workers have usually, ob-

tained. In the mixture of these two isomers, from our stand-

point, the simplest case, we should anticipate no constitutive ef-

fects, and indeed, the observed properties of the mixtures a<gree

excellently with those calculated by (1), the simple mixture for-

mula, and the slight deviations whicli occur n\ay be taken as indi-

cative of the magnitude of the exijerimental error in the other

systems as well.

The pineries were obtained from oils from Eucalyptus dextro

pinea and E. laevopinea, which were generously given us by Mr.

Smith, of the Sydney Technological Museum. He has w-orked out

their composition, and his results we have confirmed, and by dis-

tilling iii a rod and disk apparatus at 10 mm. pressure we have

obtained pinene fractions with the following properties :

—

At25°C. d-Pinene. 1-Pinene.

Rotation ... +25.40° -39.64°

Refractive Index L4640 1.4639

Density ... .8604 .8646
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The System d-pinene —l-pinene.

1-pinene.

l-pinene
Concentra-

tion 100

Found
Calc.

Found
Calc.

Found
Calc.

86.82 75.04 50.87 28.

Eotation-

E. d-pinene.

15.92

-39.640 -31.390 -23.60o - 7.80o +6.45° +15.02° +25.40°
-31.370 -23.660 -7.83o +6.51° +15.05°

Refractive Index

—

1.4639 1.4641 1.4640 1.4640 1.4641 1.4640 1.4640
1.4640 1.4640 1.4640 1.4640 1.4640 ...

Density

—

.8646 .8639 .8633 .8626 .8614 .8610 .8604
.8640 .8636 .8625 .8616 .8611 ...

The Si/stems l-Pii^eiie-Cineol and d-Pinene-Gineol.

Of greater complexity is the case involving a partial replacement

of one of the terpenes by an oxygenated substance of allied struc-

ture. Cineol is such a substance, and with it the deviations from

the simple proportionately become noticeable.

These deviations, as in the case of the specific rotatory power,

may be due to a disturbance of the equilibrium, between active

and racemic terpene, brought about by the cineol, a possibility

supported by the fact that the refr activity is not affected.

It is in the density, however, that the divergences from the

simple proportionality become most marked, and here it can be

shown that the influence is molecular rather than structural, by the

fact, that when the theoretical densities .are calculated from the

molar fractions they again agree with the observed. In the simpler

case of d- and l-pinene the molar and weight fractions, of course,

coincide, since the two molecular weights are the same.

The cineol was obtained from Bosisto's 01. Eucalyptus B.P. by con-

version into the phosphoric acid compound and regeneration with

soda, after squeezing out the terpenes under pressure. The pro-

duct was then distilled with steam, and its constants were

—

a =±0.00^

/A25= 1.4579

K. .9220
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Thk System i.-pinene— cineol.

Mol. p.c.

Wt. p.c.

Found
Wt. p.c,
Mol. p.c.

Found
Wt. p.c.

Found
Wt. p.c.

Mol. p.c.
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.

The System cineol-ciiral.
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Summary.

Simple mixtures of two terpens compounds follow the " Mix-

ture Law" quite closely. The divergences, at any time small, are

eliminated by the use of the " Molar Fraction Fox-mula."

For such mixtures the proportions of the constituents can be

calculated from the properties of the mixture, but whex'e one con-

stituent is niistal)le. as in phellandrene oils, such deductions are

unreliable.

These measurements w^ere made in the research laboratories of

the University of Melbourne, for the use of which we have to thank

Professor Masson.

Our thanks are also due to Professor Osborne for the use of his

polarimeter. and especially to Mr. H. G. Smith for his generous

gift of pinene eucalyptus oils.

Part II. —7%e Physical Constants of some Terpenes and oxygenated

derivatives thereof, and their variation with temperature.

E. IVAN ROSENBLUM, M.Sc.

(Comnmnicated by VV. Heber Green, D.Sc).

[Read 9th July, 1914).

Some measurements which had been made in the course of the

last paper, and the fac-t that he had on hand samples of a number

of terpenes prepared for that research, led one of the authors to

make a so-ies of measurements on the influence of temperature

change on the three chief physical constants of terpenes —Density,

Kefractive Index, and Rotation.

The terpenes employed are, in the main, those whose purifica-

tion has been described in the joint paper ; the others were as sup-

plied by Merck and Kahlbaum, and, with two exceptions, their

purity as indicated by their constants and by the usual tests was

such as to render it unnecessary to submit them to the somewhat

uncertain processes involved in further purification.
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The density and refractive index of the terpineol indicate that

it is mainly the isomer of M. Pt. 350-.'36o C, Avhile the high den-

sity and diminished rotation of the d-limonene point to some

modification having occurred since it was originally prepared by

Kahlbaum.

Although the uncertain purity which is inherent to the terpenes

renders these results less valuable from the point of view of physico-

chemical theory, they may none the less be regarded as standards

bv workers in the fascinating field of Essential Oils.

Substance.
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'J'hk Densities.

Substance.



158 E. I. RosenUum

This has been confirmed for the terpenes used in the present

research, and since the n-l/d figures approach more closely to

constancy than those based on tlie other two formula?,, they have

been adopted for comparing the molecular refractive powers.

The constants are calculated by the three formulae for cineol,

1-phellandrene and 1-pinene are shown in a table, and the values

of «- l/c?x Mare shown for all tlie substances, plotted against the

temperatures.

These curves do not show much agreement with one another, the

greatest deviations being, as usual, shown by 1-phellandrene; but

it will be seen that the influence of temperature, though small, is

regular, and gives smooth curves.

Eisenlohri has recently obtained as accurately as possible a series

Refractive Indices.

Substance.
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Molecular Kefkactive Power n-lld.M

Substance.
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vents increases when the temperature rises, while that of optically

active liquids decreases.

Guye and Astonl examined some fifty organic liquids, and found

that in all cases except that of amyl alcohol the rotatory power

diminished with rise of temperature. This exceptional case they

explained by the dissociation of i:)reviously associated molecules.

The rotations of the only four terpenes which were optically

active were measured over a range of from 20° to 60^ by means

of a Ptilfrich polarimeter, fitted Avith a device for varying the

temperature of the tube by means of a bath, and the experimental values

are .shown in the accompanying table, while the molecular rotatory

powers - ajlAld.M.- have also been calculated and plotted against the

temperature.

The rotations of d- and 1-pinene are little affected by tempera-

ture change, but slowly decrease as the temperature rises. That

of d-limonene falls 0.134O for every degree rise of temperature,

while phellandrene again shows its abnormal character by a marked

increase of rotation.

In every one of its physical properticvS then, the curious nature

of this terpene, as obtained from the oil of Eucalyptus dives, is

expressed. It appears as if it must either be a mixture of two

terpenes inseparable by distillation, whose equilibrium is upset by

temperature change, or, as seems more probable, the molecules may
be associated at the lower temperatures, as in the case of amyl

alcohol.

Furtlier work may shed more light on this interesting terpene.

Rotation.

to



Physical Gheinistt-y of Essential Oils. IGl

0°

I.

Molecular Kefkactivk Power —̂̂

10° 20° 30° 40° 50' GO' 70° T

S3.

83



162 E. I. Rosenbliun

II.
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